Background: In a context of increasing use of Nucleic Acid Amplification Test, diagnoses of Neisseria gonorrhoeae and Chlamydia trachomatis infections among men increased in Europe and USA since 2007. We aimed to describe trends in the incidence of male urethritis in France between 2007 and 2017. Methods: We analysed male urethritis clinical cases reported by the French GPs' Sentinelles network.
Background
Urethritis is the most frequent syndrome of sexually transmitted infection (STI) observed in men [1, 2] . Neisseria gonorrhoeae (NG) accounts for 10 to 20% of male urethritis according to studies [3, 4] . For non-gonococcal urethritis, major urethritis pathogens are Chlamydia trachomatis (CT; 20-50% of non-gonococcal urethritis), Mycoplasma genitalium (15-25%), and Trichomonas vaginalis (1-20%). However, for 35% of male urethritis cases, pathogens cannot be documented [3] [4] [5] [6] . Untreated or inadequately treated male urethritis can lead to serious infectious complications and infertility [1, 7] . Furthermore, STI could facilitate the transmission of human immunodeficiency virus (HIV) infection [8] . French guidelines recommend that all men who have confirmed or suspected urethritis should be tested for NG or CT [9, 10] . Guidelines for empirical treatment recommended association of ceftriaxone and doxycycline or azithromycin [9] . Since 2015, male urethritis without discharge could be treated only with doxycycline or azithromycin for empirical treatment [9, 10] .
Variations in the incidence of male urethritis have been observed in France since the end of the twentieth century [11, 12] . A decrease has been described between 1989 and 1995, from 630 to 180 cases per 100,000 men aged 15 to 64 years, followed by an increase until 2003 to 325 cases per 100,000 men aged 15 to 64 years [11, 12] . These variations were correlated with sexual risk behaviours [13] . Recently, the rate of reported gonorrhoea cases among men increased in the United States since 2009 to 170.7 cases per 100,000 persons in 2016 [14] . In Europe, estimated incidences of gonorrhoea cases among men increased since 2008 to 32 per 100,000 persons in 2015 [15, 16] . The same trends among men were observed in England, with increases of 212.6 to 314.1 CT infections per 100,000 persons and from 46.0 to 100.5 NG diagnoses per 100,000 persons from 2007 to 2016 [17] .
In France, mandatory reporting of bacterial STIs was stopped in 2000 and replaced by voluntarily participation of clinicians and laboratories in the surveillance program. The surveillance of male urethritis is done by a primary care surveillance system: the Sentinelles network.
Based on this network, the present study aims to describe the trends of acute male urethritis diagnosed by general practitioners (GPs) in France between 2007 and 2017.
Methods

Population and data collection
The French GP Sentinelles network (http://www.sentiweb.fr) is a real-time epidemiologic surveillance system inaugurated in 1984 based on about 1300 volunteer GPs (approximately 2% of all French GPs), located throughout metropolitan France [18] . Differences between Sentinelles GPs and all French GPs have been reported elsewhere [19] . During the study period, the mean turnover (the proportion of new reporting GPs) was 21% per year (range: 10 -36%). The catchment area was 1 GP per 55,115 persons.
GPs reported weekly the number of male urethritis cases seen in consultation throughout the year. A case is defined by the presence of recent dysuria and/or purulent/mucoid urethral discharge in men.
Cases reported between 2007 and 2017 were included in the study. For each case, descriptive data were collected: 
Statistical analysis
Analyses were performed to describe included cases. National incidence rates of male urethritis seen in GP consultation (per 100,000 men aged 15 years old and older) were estimated per year as the average number of cases older than 15 years notified by the Sentinelles GPs (adjusted for participation and geographic distribution) multiplied by the total number of GPs practicing in France and dividing incidences by yearly population size of men older than 15 years (census data) [20] . Incidences are stratified by week, and annual incidence is the sum of the incidences of the weeks in the year studied. Confidence intervals (CIs) were estimated assuming that cases reported by GPs follow a Poisson distribution.
For each year, the age-specific burden of illness was assessed with the relative illness ratio (RIR) for the following groups: 15 to 19 years old, 20 to 29 years old, 30 to 39 years old, 40 to 49 years old, 50 to 64 years old, and 65 years old and older.
Concerning microbiological analysis, numbers of available results were different according to pathogens. In France, GPs prescribe microbiological analysis, which are done in an external laboratory. GPs could specifically mention the pathogen to look for. The complex STI test was not use routinely and the result of the test for each potential causative agent was reported separately. Proportions of positive cases for NG or CT or Trichomonas vaginalis were calculated using cases with available information for each pathogen separately. For coinfections (NG and CT), proportions were calculated using cases with available information on both pathogens.
All analyses were performed using R software version 3.1.1.
Results
Between 2007 and 2017, French GPs reported 1944 male urethritis cases, among which 1733 cases were described (89.1%). The overall trend in estimated incidence rates for adult male urethritis in France remained stable during this period ( Table 1 presents male urethritis incidence rates in France by year and age group.
The median age of cases was 35 years. RIRs were highest for the age groups 20-29 years and 30-39 years ( Fig. 2 ). They were no differences between regions, in particular for Paris and its suburbs (data not shown).
The majority of the 1733 described cases had a dysuria (n = 1365, 79.8%) or a discharge (n = 1114, 65.7%), but fewer presented with pruritus (n = 421, 32.5%; Table 2 ). We observed that 37.3% of patients (n = 492) had multiple sexual partners and 17.2% had sex with men (n = 251). A previous STI history during the past 12 months was reported for 15.1% of cases (n = 223), and 3.5% (n = 43) were infected with HIV (Table 2) . They were no differences in clinical signs and context from one year to the next during the study period (data not shown).
The trend of microbiological test prescriptions had increased between 2007 and 2017 from 65.3 to 87.2% in 2016 and 82.4% in 2017 (Table 3) . Average increase for microbiological test prescriptions was 2.6% per year (CI 95% [1.6-3.6]; P value < 0.001). Cases were positive in 32.5% for NG (n = 234 / 720 samples analysed for NG), 38.0% for CT (n = 278 / 731 samples analysed for CT) and 2.6% for Trichomonas vaginalis (n = 16 / 623 samples analysed for Trichomonas vaginalis). Information on both pathogens (NG + CT) were available for 660 cases and 44 co-infections for NG and CT (6.7%) were diagnosed.
Antibiotics were reported in the questionnaire for 82.2% of cases between 2009 and 2017 (n = 1229/1496). Third-generation cephalosporin (with macrolide or tetracycline) was prescribed for 32.0% of cases (n = 393) between 2009 and 2017. This proportion progressively increased from 17.5% (n = 27) in 2009 to 43.0% (n = 52) in 2014 and then decreased to 32.4% (n = 47) in 2017 (Table 3) . Average increase for third-generation cephalosporin (with macrolide or tetracycline) prescription was (Table 3) . Average decrease for fluoroquinolone alone prescription was 2.5% per year (CI 95% [1.2-3.7]; P value = 0.002).
Discussion
The overall trend in the incidence rates for adult male urethritis seen by GPs has remained stable since 2007 in France. The most affected age groups were 20-29 and 30-39 years. GPs' adherence with STI treatment recommendations improved during the study period.
The stability of the incidence rate of male urethritis in France does not seem to be in alignment with European and American STI trends [14-16, 21, 22] . Laboratory-confirmed gonorrhoea cases in women and men increased in Europe, the United Kingdom, and the United States in the past decade [14] [15] [16] [17] . The increase in gonorrhoea cases largely concerned the population of men who have sex with men (MSM) [15, 16] . For CT infection, the U.S. rate of reported cases increased between 2000 and 2016 [22] , and European data showed an increase between 2004 and 2009 and a stability since this date [15, 21] . Most CT infections concerned young adult women and heterosexuals [15, 21] . In France, laboratory network and RésIST network (STI clinics, dermatological hospital consultation units, infectious illness consultation units, internal medicine or private medical practices) reported an increase for the number of rectal lymphogranuloma venereum and gonorrhoea of 26 and 127% respectively, between 2014 and 2016 [23] . In Table 1 Annual incidence rates for adult male urethritis reported by general practitioners between 2007 and 2017, by age group (95% confidence interval), Sentinelles network, France the same period, they also reported an increase for the number of early syphilis in MSM of 35% [23] . After two decades of increase, the number of chlamydia infections decreased between 2015 and 2016 (− 7%) [23] . In South Africa, recent data have shown a stable gonorrhoea and chlamydia prevalence over 1990-2017 in both sexes [24] . However, the American and European surveillance systems for STI vary a lot between countries, with some systematically using a definition of STI cases with laboratory criteria and including symptomatic and asymptomatic cases. Reporting sources usually could include STI clinics, private physician, emergency and other hospital room, or family planning. It is difficult to compare etiological results that include asymptomatic cases diagnosed by GPs and specialists with the trends in the incidence rates for adult male urethritis in French primary care when restricted to a syndromic and symptomatic definition. Moreover, national surveillance data based on STI clinics include high-risk groups that are noncomparable to the general population visiting GPs [14, 17, 22] .
Elsewhere during the 2000s, introduction of Nucleic Acid Amplification Test (NAAT) and its diffusion worldwide probably had a direct impact on the number of positive diagnoses, in particular for asymptomatic STI. As noticed in the 2013 European surveillance report, this new diagnostic method and the evolution in testing policies have directly affected STI surveillance throughout the world, and it is hard to determine the cause of the last increase in NG and CT infection cases (i.e., real increase, improvement in screening coverage, or improvement in diagnostic tools) [15] . With regard to NG infection, recent international guidelines recommended testing urethral, pharyngeal, and rectal sites among MSM using NAAT for routine laboratory screening [25] [26] [27] . Among MSM attending the Melbourne Sexual Health Centre, a third of men with urethral gonorrhoea had concurrent pharyngeal gonorrhoea and two third had rectal gonorrhoea [28] . However, pharyngeal and rectal sites may increase the diagnoses of asymptomatic NG infection. This could have also increased the number of NG cases in Europe and the United States.
In addition, CT case detection had been improving with better detection tools [15] . Using NAAT for CT and NG detection had been promoted by different national and international guidelines, in particular for routine screening. For male urethritis, guideline have not changed during the study period: all men who have confirmed or suspected urethritis should be tested for NG or CT [9, 10, 27] . If patient had a purulent/mucoid urethral discharge, culture on urethral swab specimens is recommended looking for NG and NAATs on urine specimens for CT [10] . If not, NAATs on urine specimens are recommended looking for NG and CT [10] . Nowadays, most of countries recommend testing all young women and men or specific populations, such as those with as multiple sexual partners, MSM, pregnant women, and vulnerable populations [26, 27, 29] . In France, CT screening has been recommended since 2003 for young women (< 25 years) and men (< 30 years) who visit free STI clinics or family-planning centres. In 2018, this recommendation was expanded to all health services for groups at risk [30] . With regard to male urethritis, microbiological tests are useful for evaluating NG antimicrobial resistance, which could lead to untreatable gonorrhoea infections [31] . Its surveillance is necessary to guide empirical treatment [32, 33] . Concerning French GP practice, the proportion of third-generation cephalosporin associated with a macrolide or a tetracycline increased by 146% and reached 43% in 2014, but it decreased to 32.4% in 2017, although national guidelines recommend third-generation cephalosporin use with azithromycin or doxycycline [9] . Fluoroquinolone alone still represents an important proportion of the prescriptions by GPs (9.0% in 2017), despite the high proportion of resistant gonococcal strains in France [33] . Improvement in GPs' practice has also been reported in England, where prescriptions of ciprofloxacin have decreased from 42 to 20% of prescriptions between 2007 and 2011, and cephalosporin prescriptions have increased and reached 35% in 2011 [34] . A recent study in Ontario assessed adherence with firstline gonorrhoea treatment recommendations in the context of several updated guidelines [35] . During the study period (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , two new recommendations were introduced (in 2008 and 2011) due to the evolution of antimicrobial resistance. This study highlighted the difficulties in the dissemination and the implementation of new guidelines.
The major strength of our study is its use of the same clinical case definition for male urethritis over the study period, which allows for comparisons over time. Moreover, syndromic surveillance may not be affected by changes in testing policies and improvement in diagnostic tools. However, our clinical definition did not include data on inflammatory reaction in urethra (no biological confirmation needed). And this surveillance is blinded concerning asymptomatic NG or CT infections or other infections such as HIV or syphilis. For male urethritis cases included in the study, data collected on Mycoplasma genitalium do not allow to present analysis. This is a limitation according to the significant proportion of male urethritis cases caused by this pathogen. Other limitations are the absence of syndromic surveillance for women. Basing our system on general practice and not on STI clinics does not permit estimation of the incidence in high-risk transmission groups such as MSM. Concerning sexual behaviour, there was no question specifying the exposure period for both items "having multiple sex partners" and "sex with other men". This represent a limitation in the interpretation of the data.
Conclusions
Even if most of the other settings (such as STI clinics) reported a increase in the NG and CT cases across Europe and United States, data from French GPs show a stable trend in the incidence of male urethritis rate. Because of the variety of reporting source, these two settings cannot be compared. Showing a stable trend in the incidence of male urethritis rate in France, this work highlights the need to use clinical stable definitions to follow correctly epidemiological dynamics of such a disease, especially in a context of improvement of laboratory diagnostic techniques. Changes in testing policies could impact STI trends, especially on microbiological surveillance, and should be evaluated to better understand the epidemiological evolution of STI.
